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TECHNICAL NOTE 2877 

ON THE USE OF A DAMPED SINE-WAVE ELEVATOR MOTION 
FOR COMPUTING THE DESIGN MANEUVERING 
HORIZONTAL-TAIL LOAD 
By Melvin Sadoff 


SUMMARY 


A damped sine-wave elevator motion was used as a basis for computing 
the design maneuvering load on the horizontal tail. Also investigated 
was the effect of control frequency on the tall load. 

The results indicated that the maneuvering tail- load variation 
computed by operational methods with the assumed damped sine-wave elevator 
motion agreed closely with the loads computed by a method currently 
specified for use in the U,S, Air Force structural loading requirements. 

This close agreement, coupled with the relative simplicity of the method 
using the damped sine-wave elevator motion, should encourage its use as 
an alternative procedure for con^juting the design maneuvering horizontal- 
tall load, ^ 

The maxlmxim tail-load increments for a given design normal acceleration 
factor were obtained at the hipest control frequency investigated indicat- 
ing that a veiy high control frequency should be selected in computing the 
design maneuvering horizontal-tail load. For the practical case, however, 
the design control frequency may be limited by either the availability of 
control or by the physical or mechanical limitations with regard to 
control rate of the pilot or boost system used. 


INTRODUCTION 


Considerable attention has been given to the problem of devising 
a simple and rational method for computing the maneuvering horizontal- 
tail loads associated with abrupt elevator motions. In reference 1, a 
graphical integration procedure is used to determine the tail-load 
variation following any arbitrary elevator motion. In reference 2, a 
ntomerical integration method is used for computing the design maneuvering 
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"t&il loads associated "witti an elevator motion represented by flevereil 
straight-line segments stmulating a pull-up push-down maneuver. The 
latter method has been adopted in the U.S. Air Force structural loading 
specifications . 


Althou^ the methods described in references 1 and 2 were a 
considerable improvement over methods previously available, it is believed 
further simplification of the computational procedure may be realized by 
considering a damped sine-wave elevator motion in computing the design 
maneuvering tail load. The damped sine-wave motion is not only more 
representative of that applied in flight, but, with operational methods, 
it is also amenable to a simple and short solution. 

The primsiry purpose of this paper is to evaluate the use of a damped 
sine-wave elevator motion in computing the design maneuvering horizontal- 
tall load. The effect of elevator motion frequency or control rate on 
the maneuvering tail load is also considered. 


NOTATION 


Ai 

AZ 


biCOi 




Cm 


1»39 ^Smax 

ratio of the net aerodynamic force along the aliplane Z axis to 
the wei^t of the airplane. 

airplane damping coefficient ^ second 

damping factor for elevator motion, per second 
eiirplane lift coefficient 


horizontal-tail lift coefficient 




airplane pitching-moment coefficient about center of gravity 

(^) 


wing mean aerodynamic chord, feet 


control-deflection coefficient 
per second 


Vly lymV/ 


i per second 
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g 


K 


Ki 


Ks 

Ka 


K4 


H 


L 

Lt 

m 


M 

q. 

s 

S 


control-rate coefficient 



per second 


acceleration of gravity, feet per second per second 
pressure altitude, feet 

airplane pitching moment of inertia, slug feet squared 

airplane spring constantf V per second per second 

V ly 1-^Y J 

parameter denoting damping ratio of airplane to that of horizontal 
tail 


parameter 

parameter 

parameter 

parameter 



distance from airplane center of gravity to aerodynamic center 
of horizontal tail, feet 

airplane lift, pounds 

horizontal-tail lift, pounds 

airplane mass ^ ^ slugs 

airplane pitching moment, foot-pounds 
dynamic pressirre, pounds per square foot 
variable Introduced in Laplace transform 
wing area, square feet 
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St 

t 

V 

w 

x,z 

a 

at 

7 

5 

A 

e 

e 

p 

u 

“l 

"la 

Cma 

Cm§ 


horizontal- tail area, square feet 
time, seconds 

airplane velocity, feet per second 
airplane weight, pounds 
standard airplane axes 
airplane angle of attack, radians 
horizontal-tail angle of attack, radians 
flight-path angle, radians 

elevator angle, radians unless noted otherwise 

when preceding a symbol denotes increment from steady-state 
condition 

downwash angle, radians 
horizontal- tail efficiency factor 

angle of pitch (0+7)^ radians 
mass density of air, slugs per cubic foot 
airplane short period frequency, radians per second 
elevator-control-motion frequency, radians per second 

, per radian 
dCLt 

horizontal- tail lift-curve slope V 

^ dot 

( I , per radian 

V dsy ^ 

, per radian 
, per radian 



■) 


per radian 


airplane lift-curve slope 
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Ma 

% 

Ms 


J^(Cm(x)qSc] , foot-potmds per radian 


, foot-poimd-seconds per radian per second 


t ) ] 

t (Cjng ) qScJ , foot-pounds per radian 

l-Tlt(Cla)t pVStH®] 


, foot-pound-seconds per radian per pecond 


Mq (KM<3^^), foot-pound-seconds per radian per second 

^ " [(•vi^)<lS], pounds per radian 

^8 “[(CLg)q 3 ], pounds per radian 

0 ,a,r , 6 equivalent notation for 

*0,a,7 equivalent notation for and 


Subscripts 


geo geometric 

Zq zero lift 

max TTiH.YlTTnTm value 

o steady-state value 

t horizontal tail 


METHOD OF COMPUTATION 


The general procedure is to obtain the tail-load response as a 
function of the Laplace transform variable s by multiplying the tail- 
load transfer function by the Laplace transformation of the forcing 
function - in the present case the damped sine-wave elevator motion. The 
tall- load response in the s domain may be given by the relationship 
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(see appendix A for derivation.) The tail-load response in the time domain 
or the inverse transformation of equation (l) is most readily evaluated 
by Heaviside *s partial fractions expansion as shown in appendix B. The 
tail-load response as a function of time may be }nritten as 


ALt(t) = K4K3A1U1 


^ e sin((j)t+e)+ sin(coit+ei) 


A sample set of computations illustrating the procedure used is presented 
in appendix C. 


DISCUSSION 

Evaluation of the Damped Sine-Wave Elevator Motion 


The assun5)tion of a damped sine-wave elevator motion, in computing 
the design maneuvering horizontal tail load, is suggested for two reasons . 
First, the assumed motion is more representative of that applied in flight 
than the currently specified motion (fig. l),, because a pilot attempting 
to perform the specified maneuver will generally roimd off the comers, 
m effect applying a damped sine-wave control motion. (See reference 3 *) 
Second, the use of a damped sine-wave elevator motion results in a 
simple and short solution using operational methods. 

\ The damped sine-wave elevator motion uaed in the present report for 
computing the maneuvering horizontal tail load for the example airplane^ 
described in reference 2 is shown in figure 1 where it is compared with 
the motion currently specified by the U.S. Air Force. The maxlTmim up- 
elevator deflections were readily adjusted so that the design normal- 
acceleration-factor increment of 1.5 was just attained during the assumed 
maneuvers. The period of the damped sine-wave elevator motion was made 
equal to the duration of the specified motion since, as will be shown later, 

■^The pertinent basic data for the example airplane used in the computations 
of this report are presented in table I. 
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the frequency of the control motion has a very appreciable effect on the 
maneuvering tail load. 

The tail-load variation computed by operational methods using 
equations (bI»-) and (b5) Is compared in figure 2 with the variation 
computed by the numerical integration method described in reference 2. 
The agreement shown is good. 

In view of the close agreement between the maneuvering tail loads 
computed by operational methods and those calculated by the currently 
specified numerical integration method, the suggested operational 
procedxire, which provides a simple analytical expression for the tail 
load, merits consideration as an alternative method for establishing the 
design maneuvering load on the horizontal tail. 


Effect of Control Frequency on the 
Tail-Load Increments 


To determine the effect of control frequency on the tail-load 
increments for the example airplane described in table I, the normal- 
acceleration-factor and tail-load responses were computed for damped sine- 
wave elevator motions of varying frequency ijjL. In addition to a frequency 
of 3«92 radians per second which corresponds to that of the motion 
specified in reference 2, frequencies of 2, 6, 8, and 10 radians per 
second were used. 

Time histories of the elevator motions used are presented in 
figure 3(a)* The corresponding acceleration-factor and tail-load responses 
are shown in figures 3(b) and 3(c), respectively.' The maximum up-elevator 
deflections were again adjusted at each control frequency so that the 
design normal-acceleration-factor increment of 1.5 'was just attained 
during each of the as sinned maneuvers. 

The effect of control frequency on the tail-load increments is 
clearly illustrated in figure A which presents the variation of the 
maximum positive and negative tail-load increments with control frequency. 

A similar effect has been computed for two other airplanes. This effect 
is expected and arises primarily from the greater elevator deflections 
required to attain the design normal acceleration factor (fig. 3(a))* 

It should be pointed out that, although the acceleration-factor and 
tail- load responses for a fixed maximum control deflection are a maximum 
when the control frequency is in the neighborhood of the airplane 

short-period frequency u (co = 0.6l in present example), the maximum tail 
loads for a given design normal acceleration factor were obtained at the 
highest control frequency investigated. 
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The results in flgirre Indicate that in designing the horizontal 
tail for maneuvering loads a very high control frequency cji should he 
selected. However, there are two practical limitations to this procedure, 
namely, (l) availability of qhntrol and (2) physical or mechanical limi- 
tations of the pilot or boost system with regard to the control rate.^ 

To elaborate -upon this, figure 5^ which presents the variation with 
control frequency of the ma-ximum negative elevator deflection required 
and the maY-iminn positive and negative control rates necesseiry to attain 
the design normal acceleration factor of 1.5 for the damped sine -wave 
elevator motion, was prepared. In the present example, the maximum 
control deflection available is not a critical limitation on the control 
frequency. On the other hand, the rate at which the pilot or pilot-boost- 
system combination is reqtiired to move or can move the control may limit 
the design control frequency to a low value. For airplanes in the class 
of the example airplane that are equipped with boost systems, a minimum 
control rate of 35° per second is specified by the U.S. Air Force for 
.satisfactory handling qualities. On this basis, a minimum design control 
frequency pf about 3-8 radians per second might be selected. (See fig. 5.) 
Available experimental data (reference 4) on airplanes of approximately 
the same size as the exanple airplane indicate that control rates of 70° 
per second can be attained. The corresponding design control frequency 
is about 5 radians per second. It is suggested that, unless statistical 
data of the type mentioned in footnote 2 indicate otherwise, the design 
control frequency be conservatively based on the maximum control rate 
attainable rather than on the mini Timm required rate from a handling 
qiaalities standpoint. 


CONCLUSIONS 


The results of computations made to evaluate the assumption of a 
damped sine-wave elevator motion for computing the design maneuvering 
load on the horizontal tail and to determine the effect of control 
frequency on this load led to the following conclusions: 

1. The maneuvering horizontal- tail-load variation computed using 
the damped sine-wave elevator motion compared closely with that computed 
by the currently specified numerical integration method of reference 2. 

^Another factor not considered b'ecause of a scarcity of data is the 
probability that a certain maximum control rate would not be exceeded 
under operational or combat conditions for a given airplane design. 

If data were generally available, it would be desirable, for a specific 
design study, to base the design control rate or control frequency on 
a statistical analysis of measured control rates on a similar class 
airplane under operational, or combat conditions. 
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The relatively simple analytical expression for the tail load obtained 
in the method using the damped slne-vave elevator motion suggests its 
use as Ein alternative method for establishing the design maneuvering 
load on the horizontal tail. 

2. The tail-load response for a given design normal acceleration 
factor increased rapidly with an increase in control frequency indicating 
that in designing the horizontal tail for maneuvering tail loads a very 
hi^ control frequency should be selected. In a practical case, the 
design control frequency may be limited by either availability of control 
or by physical or mechanical limitations of the pilot or pllot-boost- 
system combination with regard to control rate. 

Ames Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Moffett Field, Calif., Oct. 29, 1952. 
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APPENDIX A 

TAIL-LOAD EESPONSE IN s PLANE 


The longitudinal equations of motion for sin airplane, neglecting 
changes in forward speed and some of the higher-order derivatives, may 
be written as 


-mV7 = + ZqAB (A 1 ) 

lyO = + IS^a + We© + (A2) 

Equations (Al) and (A 2 ) may be reduced to the equivalent second-order 
differential equation 


a + bd, + tAa = Cq^S + C^S 


(A 3 ) 


by using the relationships (see fig. 6) 


In equation (A3) 


0 = (clqHAx) + (70+A7) 
d = a. + 7 
0 = a + 7 


b = 
k = 


Co = 


Cl = 



Hi+M§ \ 
% / 

lymV/ 

MqZs \ 
lymV / 


The Laplace transformation of equation (A 3 ) , neglecting the 5 term 
which is generally small and assuming initial values of Aa, a, a, and ^ 
are zero, may be expressed as 


s^Afx.(s) + bsAx(s) + kAx(s) = CqA5(s) 
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or 


AA2 ^[s) 


Aa(s) 


Cc/^(s) 

8^+bs+k 


Cltt<33 

W 


Ax(s) 


d(s) = 


Ci^l C^(b) 

(W/S) (s^+bs+k) 

Cog^(s) 

s^-jbs+k 


(Al^) 

(A5) 

(A6) 


Since the maneuvering tail load may, from reference 1, be given as 


ALt(t) = K4[Kid<x(t) + K^(t) + EQAI5(t)] 


then 


ALt(s) = K4[K3 Ax(s) + K^d(s) + K^(s)] 

where 



Substituting equations (All-) and (a 6) into (A7), we have 


(A7) 


Alrt(s) = 




^+bs+k 


A6(s) 


(A8) 


Eqiiation (a 8), divided throu^ by A5(s), is known as the tall- load 
timisfer function. To obtain the tail-load response in the s pl6ine, it 
is simply necessaiy to multiply Ihe tail-load' transfer function by the 
Laplace transformation of ^(t). The damped sine-wave elevator motion 
is assumed to-be given by the- equation 
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Z!^(t) = AjB sin 


where 


Ai 1*39 

hi 0.22 (damping constant required, to simulate puH-tq) push-down 
design maneuver)^ 

(lix control frequency 

The tail-load response in the s plane may now he written as 




{••¥)••(*•¥) 


s2+bs+k 


AitOi 

s^+2hiti)xs+ ( l+t*!^) 


Since the design tail load is generally computed for a certain design 
normal acceleration factor, it is aJ.so necessary to determine the 
acceleration-factor response which may he given in the s plane as 


AAz(s) = 


Ci^qCo 


Axwi 


(w/s)(eP+bs+k) ^+2tatuis + (l+ti^)wx‘’ 


(AlO) 


In order to simulate the puXL-up push-down maneuver (damping to one-half 
amplitude in one-half cycle) for an arbitrary control frequency, it was 
necessary to define the damping coefficient for the elevator motion in 
terms of the control frequency. 
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APPENDIX B 

TAIL-LOAD EESPONSE IN TIME PLANE 


The tail-load response as a function of time is most readily 
obtained by evaluating the inverse transformation of equation (A9) using 
Heaviside’s partial fractions expansion. (See reference 5.) 


By conpleting the sq.Tiare in s in the quadratic factors in the 
denominator, equation (A9) may be -written as 


ALt(s) = K4K3A1U1 { 




[( s + 1 )^ + 10^] [ ( s+biUi f + Uii^] 


Equation (Bl) can be -writ-ten 


(Bl) 


ALt(s) = K4K3Aiti)i 


9(s) 


(s+ |)^+ 


- K4K^AiWi 


As+b 


(s + |)2+o)2 


■+ h(s) 


(B2) 


where h(s) represents the sum of the partial fractions corresponding to 
the q-uadratic factor [ (s+bi(i)j^)^+ . Multiplying throu^ by the 

quadratic factor [ (s+^)^+ u^] and letting s approach - ^ + wi 


cp(- ^ + (oi) = (- ^ + ui) A + B = cPi + iq>2 


(B3) 


where 9^ and cPg real and imaginary parts of the complex 

quantity 9 ( - ^ + ui) . 

Equating real and imaginary parts in eqTiation (B3), 

'Pa 


A = 


u 


Ab 

B = cpi f - = q>x + ^ 


The partial fraction corresponding to the quadratic factor is then 


i[(s + |)cp2+a)9j 
(S + |)^ + 
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and the corresponding terms obtained from a table of transforms axe 




(0 


e 2 ( q)^ cos wt + q)^sin OJt) 


which may be written 


1 , ^ -fet 

TJ 'y/<P^‘P2^e ^ sin( cut + e ) 

where tan e = <pg /pj^ . 

In a similar manner, the partial fractions expansion corresponding to the 
qriadratic factor [(s+bito^)^ + maybe obtained and is 


— ® (94 cos + q>^ sin Ujt) 


“1 


or 


^ sin (u^t + £3^) 

where tan 63^ = 94/93 • 

The complete e:i^ansion is the sum of the two expansions and may be 
written as 

-^t 


AL^(t) = K4KgA.x^ — ((Pgcos . ut + (pj^ sin Ut) + 

0^ (94COS Uit +q)g Bin Wj^t) j 


or 


— ^I^AxUi 


- rt 


0} 


v^a^+94^ _-bxWit 


«1 


fe sin s ) + 


sin (Uxt + ex ) 


(Bl^) 


In a sim il ar manner, the normal-acceleration-factor response in the 
time plane may be deter min ed to be ' 
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AAgCt) 


r VSSTe- .in (.t . . 

w/s L w 

Bln (w^t + 63 ) J 


(B5) 


where tan €3 = <1^ and tan €3 => <Pg/ q)^. The main problem in evaluat- 
ing the ejjpansions (b 1|-) and (B5) resolves itself into determining the 
values of <p. "For convenience, the relationships (which are perfectly 
general if a damped sine-wave elevator motion is assumed) of q>^ . . . . cp 
in terms of known constants ar-e provided below: ® 


where 


where 


FR+GS 


‘P 2 


GR-FS 

R 2 +S 2 


F - ^ 1^0 ^KgCo 
^ _ titKgCo 

Ka 

R = — — — bj^to^b + (l+bj_^) to.^ 

ll- 

S = 2b^ti)j^(i3 - bu 


<Pa 


2 2 ^ 
Ri +Si^ 


Rl2+Sl2 


^ B,U,KoCo K,Cn 

Fi = bi 2 uj^ 2 _j^^ 2 _bb 3 ^( 03 ^- ^ ° +-^ + k 


Kc 


K 3 


G, = boji + Mo!£1 - 2bj^(0i2 

K 3 


Ri — — bl^co-j^ + k 


S 1 = b 0 )j- 2 bj^a)i 2 
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and 



-S 

R^+S^ 
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APPENDIX C 
EXAMPLE COMPUTATIONS 


To illustrate the method described in appendixes A and B, the tail- 
load and acceleration-factor responses to a damped sine-wave elevator 
motion using the example airplane described in reference 2 will be computed. 
The geometric and aerodynamic chaxacteristics of the airplane are given 
in table I. 

The pertinent aerodynamic derivatives and airplane constants are 
determined as follows: 

Zto = = -( 5 .U)(l 3 l)(U 57 ) = -980,000 

26 = -CLglS =-( 0 . 437 )(l 3 l)(U 57 ) = -83,500 

Ma = Cm^gSc = -(o. 3 i 3 i)(i 3 i)(U 57 )(i 3 . 6 it) = -815,000 

= . (O. 33 t)( 4 . 10 )( 0 . 0 015 )( 325 )( 1 . 8 . 682 )^ ^ 

M<^ = KMq,^ = (1.25)(-823,000) = -1,030,000 

«a = ^ = -(823,000) (O.I4O) = -329,000 

M5 = CnigisS = -( 1 . 56 )( 131 )(U 57 )( 13 . 6 i^) = - 4 ,o 6 o,ooo 

h=i^-^^a 

mV ly ly 

^ _ 980,000 ^ 1,030,000 , 329,000 ^ 3 

( 1925 )(U 7 ) 560,730 560,730 

k = 

ly lymV 

^ 815,000 ^ (980,000) (1,030,000) = 3 68 
560,730 ( 56 o, 730 )( 1925 )(U 7 ) 

° ly lymv 
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^ -l^,o 6 o.ooo _ (-1,030,000) C-83,^). ^ 
560,730 ( 56 o, 730 )( 1925 )(U 7 ) 


Cl 


^ ^ -83,500 

mV ( 1925 )(U 7 ) 


= -0.104 


For simplicity, Ci is omitted from subsequent analysis because it is 
relatively small compared to other coefficients. 


= 1. 51 +0, 
ao ^ 


2mjJir 


Ki = 1-0.40 + (5.14) (. c • pc^^ ) ( ^ 7 ^ ) ( ^ ) ■ = 0.756 

2(1925) (0.913) 

Ka = -^ f + —') 

V V ^ J 

f 0.40 + — = 0 
V 0.9i3y 


,, _ 48.682 

^2 TIt 


= 0.1744 


Ko = = 0.478 


d 6 


^^4 = Ct ii^q.S^ 


= ( 4 . 10) ( 0 . 834 ) (131) (325)= 145,700 


A damped sine-wave control motion given by the equation 


A5 = Bin 3 - 92 t 


was assumed ■where the values of the damping coefficient b^ and the 
control frequency “i were adjusted to simulate the specified motion 
described in reference 2 . The values of cp may be obtained from the 
relationships provided in appendix B as follows: 


«Pi 


FRfOS 

R^+S^ 


(- 6 . 82 )(i 5 . 9 l)+(-i. 65 )(-l.l 67 ) 


-0.419 


(15.91)^ + (-1.167)^ 
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<p _ GR-FS _ (~1.6^)(1^.91)-(-6.82)(-1.167) ^ 

^ R2+s2 (15.91)^ + (-1.167)^ ~ ’ 

cpg ^ Fj^Ri+GiS'i ^ (-23.49^)(-14.119)+(-3.12H7.^0) ^ ^ 
Rl^+Si^ (-U. 115 )^ + ( 7 . 50 )^ 


cp^ = Gl R l -FiSi = (-3.12)(-U.119)-(-23.499)(7.^) = 0 862 
Ri^+Si^ (-U.U 5 f + (7.50)^ 

(P - R- ' 15.91 ' ' ; • 

^ R^+S^ (15.91)^ + (-1.167)^," 


R 2 +S 2 

(15.91)^+ (- 1 . 167 )^' 

= O. 0 O 457 


, -14.115 


Ri^+Si^ 

(-14.115)^ + ( 7 . 50)2 

— -U*UPP-L 

-Si 

- 7.50 

= -0.0294 

Ri^+Si^ 

(-14.115)^ + (7.50)^ 



Referring to eciuations (b 4 ) and (B 5 ), the tail-load and acceleration- 
factor responses in the time plane may be written, respectively, as 


ALt(t) = - 380,000 


0 . 721 e ■* sin( 0 . 6 lt + 3 A 53 ) + 


0.379e"°‘®®^'^ 8ln(3.92t + 0.62) 


AA^Ct) = 61|0 0 .l 025 e"^-®^ sin( 0 . 6 lt + 0 . 0734 ) + 

0.0l6e"°*®®2t gin( 3 ^^ 2 t + 3.632) 


(Cl) 


(C 2 ) 


For convenience, equations (Cl) and (C2) are given for a peak control 
deflection ASjnax of -1.0 radian. After one set of computations the 
and the control deflections may be scaled down so that the 
design normal acceleration factor is just attained in the maneuver. The 
computational procedure for obtaining the normal acceleration factor 
and the maneuvering tail-load increments is presented in tables II and I TT 
respectively. The results scaled down to the design normal-acceleration- 
factor increment of I.5 are included in figure 3 for a control frequency 
of 3.92 radians per second. 
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TABLE I.- PERTIEENT BASIC DATA FOR EXAMPLE AIRPLAME USED IN THE 

COMPUTATIONS 


Airplane wei^t, W, pounds 62,000 

Airplane mass (w/g), slugs 1^925 

Airplane pitching moment of inertia, ly, 

slug-feet squared 560,730 

Wing area, S, squane feet 1^457 

Horizontal-tail sirea, St> square feet 32Ii-.88 

Wing mean aerodynamic chord, c, feet 

Horizontal-tail length, feet 48,682 

Airplane lift-curve slope, Cj^, per radian 5*14 

Horizontal- tail lift-curve slope, (CiQ,)t^ 

per radian 4.10 

Airplane stability parameter, Cbiq^, per radian -0.3131 

Elevator moment effectiveness, Cmg, per radian ..... -1.56 

Relative elevator- stabilizer effectiveness 

(dot/d8) 0.478 

Downwash factor (de/da) 0.400 

Ratio of horizontal tail to wing dynamic 

pressure (itA) 0.834 

Pressure altitude, hp, feet 15^000 

Mass density of air, p, slugs per cubic foot 0.0015 

Airplane velocity, V, feet per second 4l7 

Design normal-acceleration-factor increment 

(•^Zrnax”^) •••• 1»5 

Center-of-gravity location, percent c.. 38 


^NACA^ 





TIABLE n.- NORMAL ACCELERATION FACTOR CALCULATIONS ' 


K 




I 

p 

3 
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^aluea In column 17 obtained by multiplying column I 6 by ratio 
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TABLE m.- MAHESJVERING TAJL-IilAD CALCULATIOHS 
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13 1.2 
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IValueB in column 17 obtained b7 nultljlylng valueB In column I6 by ratio 1.5/H.085 (Bee table U.) 
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Elevator angle, AS, deg 
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Figure Comparison of thd damped sine-wave elevator motion 
with the motion used in the method of reference 2. 




Tail -toad increment, AL 
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Time, /, sec 


Figure 2. - Comparison of the tail-load variation 
computed by the methods of the present 
report with that computed by the method 
of reference 2. 




Elevator angles AS, deg 
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Figure 3 - Computed time histories of elevator deflection, normal^ 
acceleration -factor and tail -load increments for several values 
of control frequency <u, . 



Normal-acceleration- factor Increment, AA~ 
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Time, t, sec 

(b) Acceleration -factor increments. 


Figure 3.- Continued . 






Tail -load increment ^ /b 
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Figure 3.^ Concluded. 
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Figure 4. - Variation with control frequency eu, of the 
maximum positive and negative tail --load increments 
for a maximum acceleration -factor increment of i.5 , 
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Control frequency,^ aj, radians/sec 


Figure 5.- Effect of control frequency^ o/^, on the maximum 
control deflection and on the maximum positive and 
negative control rates required for a maximum positive^ 
acceleration-rnfactor increment of 1.5 . 
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Note: Positive directions and angles shown. 
X axis tangent to flight path. 






Figure 6.- Sign conventions and pertinent geometric 

relationships . 
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